Some recent results obtained using solution-adaptive finite element methods in two-dimensional problems in linear elastic fracture mechanics are presented. The focus is on the basic issue of adaptive finite element methods for validating the new methodology by computing demonstration problems and comparing the stress intensity factors to analytical results. J.B. MI_ et al.
INTRODUCTION

One of the most difficult analytical challenges in
.+fd. hl"/P') _":'>+k+J-'_lUlk+ I,p" Some choices for n, m, k, p, and p' of interest are:
Ig I£_G_ C" "luh,2,6.
In this case, one must approximate the WZ"-seminorm of u over _; i.e., the L2-norm of the second partial derivatives of u. The error indicator 0, is then set equal to IEhlz2_q._ for finite element _,.
. In all of these cases, it is also possible to estimate the constant C. While we shall not describe how this is done (see [25] ), our experience is that it is a worthwhile computation that can lead to schemes with good effectivity indices.
(3)
Adaptive methodology
We shall now suppose that an error indicator 0, can be calculated for each finite element r, in a given mesh. The error indicator is, in general, a real number representing the local error on a suitable norm, and it is computed using one of the procedures described in the next section.
The decision to refine the mesh is based on whether or not local-indicators exceed preassigned tolerances and can be summarized by the following steps. Assuming that the crack faces are free of traction, the asymptotic expressions for the neighborhood of the crack tip are given in [34] . In this study the stress intensity factors were calculated using one of the following methods.
Discrete least-square fits
Consider a patch of elements around the crack tip as shown in Fig. 2 ; for example, we may define
Let us define the discrete least squares functional follows (see [26] , pp. 408-409 for the derivation):
Here A t denotes the simply connected region of integration in Fig. 6 and _U t'
is the x_-component of Eshelby's energy momentum tensor [29, 30] xt is normal to the crack front, xz is orthogonal to xt.
In the linear elastic case, it is possible to define SlFs through the calculation of Jk (k = 1, 2). According to [32] the relationships between the J-integral components and the stress factors are
x, = _e'(v'Z, -J_ + _ J,)
where E* = for plane strain state for plane stress state. 
NUMERICAL EXAMPLES
This section presents the demonstration problems.
The cases consist of a single edge crack and an edge cracked beam; both cases were computed using two different crack lengths. The results for each case are shown as stress contour plots on the deformed shape scaled by a factor of 100 to clearly show crack.
Fifteen to twenty levels of refinement were used to compute the SIFs using the methods shown in Sec. Figure 9 shows the initial grid distribution and fourth level refinement. Figure 9 shows the grid with ax and % contours for the fourth level of refinement. 
The references use fourth-order expansion in h to determine the multiplier F. The references uses the fourth-order expansions in h to determine the multiplier F. Table 2 compares Kt obtained from this study with K_ obtained using the analytical formula from the references. 
CONCLUSIONS
